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EWJ3RINIENTA!L DETERNHNATION OF THE 131?I?ECTOF HOWZONTAL-TML SIZE, TAIL LENGTH,
AND VERTICAL LOCATION ON LOW-SPEED STATIC LONGITUDINAL STABILITY AND

DAJIPING IN PITCH OF A MODEL HAVING 45° SWEPTBACK WING
AND TAIL SURFACES ‘

By JACOB H. LrCH-PEWTEHY

SU}IIIARY

.4n irwesiigat[on has been conducted in the Lang[ey stability
[un nel to determine the e~ccts of horizontal tails oj rarious
.<.ize,sand Qt ram”ous tail [engths (when iota ted on. the juwlage
ctititer line) and also the efects of wtieal location of the hori-
zontal tail relatire to the wing on the low-speed static longitudinal
.+(Ibiii@ and on the steady-state rotary damping in pitch -for a

co ~)ipld<-model configuration. The wing and tail surface% had
h quark i--chord line~ w.wpt back .@O and had aspect ra[ios 0J4.

The ww[ts g~ the irwestigation showed that, in agreement with
analytical considerations, the contm”bution of the horizontal tail
to static longitudinal stability was mlak(d directly to the tail
size and length; whereas, its contribution to damping in pitch.
uws related directly to tail size and the square of tail length..

. If tow angles of attack. addition of the wing decreased the
contribution ~f the hon”zontal tail to static longitudinal stability
b!y about one-half to one-third depending upon the rerti<al posi-
t;t~n.gf the tail r-elatire to the wing; the contribution of the hom--
zo~ttal fad to the rotary damping in. pitch. on the other hand was
almost unafiected by add{t ion of the wing$ regardless of tail
arw or location.

For conjiyw-ations u’ith. the horizontal tail mounted along the
fuselage center line, the static longitudinal stability was greater
qt a.ng[es Oj atiack n~ar the stall than at OO;the static [on~”tudina.1
characteristics were impaired, hwewr, by rnoring the fLO~-Z07dffl

tail upuwd. (lri the other hand, for configurations w“th the
horizontal tail mounted along the juse[age center line, the rotary
(lamping in pitch was less at angles of attack near tile stall than
(It0°, but the da.mpin~gin pitch was generally increased by moring
the tail upward.

It was further indicated that, at an angle of attack of about
100, the static [longitudinal stability of the w’ing-juseiage com-

bination changed adcersely and that the magnitude of this
change was slightly increased by the addition of tail area along
the.%selagc center line at the shortest tad length but was decreased
by addition of area along the fuselage center line at the longest
tail length.

INTRODUCTION

Requirements for satisfactory high-speed performance of
aircraft have resulted in configurations that dif’ier in many
respects from pretious designs. As a result of these cha~~es,

the designer has little assurance that the Iow--speed charac-
teristics KU be satisfactory for any specific configuration.
The low--speed characteristics of -wings stitabIe for high-
speed flight have already been investigated quite extem=irely.
The contributions of other component parts of the aircraft,
or of the various combinations of component parts for
high-speed airplane configurations, however, are not N-W
understood. In order to provide such informtition, a series
of investigations of models h.avi~~ various interchangeable
component parts is being conducted in the Langley stabiIity
tunnel. In these investigations, the rotary derivatives are
being determined by the rolling- and curved-flow techniques
(see references 1 and 2j and the static stability characteristics
are being determined by conventional wind-tunnel procedure.

The present investigation is concerned with the effects
of horizontal tails of various sizes and at various taiI Iengths
(-when Iocated on the fuselage center hne) and aIso the effects
of -rerticaI location of the horizontal tail with respect to
the w~u on the Iow-speed static Longitudinal stability and
the steady-state rotary damping in pitch for o, swept-wing
configuration. Some effects of fuselage fineness ratio and
of wing-fuselage interference are ako considered. The
rotar~ damping in pitch specifies the damping resulting ody
from curvature of the flight path, such as that obtained
cluring a steady pitching maneuver in which the radius of
flight-path curvature is constant.. For a pitching osciIIation,
the rotary damping dernvati~e represents only a part of
the total damping since additional contributions may result
from unsteady aerodynamic phenomena such as the Iag
of downwash between the W@ and horizontal tail (refer-
ences 3 and 4).

The modeI used in the preserit in~estigation had 45°
sweptback wing and horizontal-taiI surf~ces with aspect
ratios of 4. The model confi=wrations tested for the present
instigation are generally the stime as those configurations
used in the in-rest.iga.tions of static Iateral stabiIity deri~a-
tives reported in references 5 and 6.

SYkIBOLS

The data presented herein are in the form of standard
X’ACA coe.fiicienis of forces and moments which are referred
to the stabiIity system of axes, with the ori=ti at. the pro-
ject-ion on the plane of symmetry of the quarter-chord

LSupersedes hr ACA TN ‘i3sl, “E&t of EorfzmV+l-Tafl Locsfion cm LoF.SPeed Static Low”w3MJ Siabilky and Damping in Pitch of a M&del Earing i5” Sweptback Wii ad

TaiI %rfms” by JacoIJ H. Liehknsteiu, IQ51, and h-ACA TX 23S% $,E~ of Hofiont&T~ H= ~~ TSII GU@ onIQw+peedStatic LongicudinzI &*b~W m~i Dalnping in p~cb

of a MoM H,ar ins 45” %eptb~ck Wing and TaII Surfacts” by Jacob H. LMm@ein, 1951.

7s9



790 REPORT 1096 -N.4TIONAL ADVISORY COMMITTEE FOR AERONAUTICS

point of the mean aerodynamic chord of the wing. The
positive directions of the forces, moments, angles, and
angular velocities are shown in figure 1. The coefficients
and symbols are defined as follows:

dra.gcoeEcienk(D/~ pl~Sv)

(/
pitching-moment codl.cient M ~ p V2SJr7TFr

)

(/
yawing-moment coefficient Li A2P V%’rbr

)

lift, pounds
drag, pounds

pitching moment about &/4, foot-pounds
yawing moment about Z-axis, foot-pounds
mass density, slugs per cubic foot
velocity, feet per second
area, square feet
span, measured perpendicular to fuselage center Iine,

feet
chord, measured parallel to axis of symmetry, feet

mea.u aerodynamic chord, feet (:~’2c2,y)

tail length, distance from 7T/4 to 7H/4, measured
pwdkl to axis of symmetry, feet

aspect ratio (b2/S)
spanwise distance from plane of symmetry, feet
taper ratio, ratio of tip chord to root chord
angle of attack, measllred in plane of symmetry}

degrees

fuselage voIume
fuselage length
maximum fuselage diameter
effective downwash angle, degrees
angle of yaw, degrees
pitching anguIar velocity, radians per second

pitching-veIocity paramekr (based on ZJr)

L

?—x—--— L7—

Relative wind

z

I
F Icwm I.-system of axes uwl. Arrows indicate positive direction of forces, moments,

tingles, and angulw velocities.

Cm==$ ..-

Gka=--w, ;Vllere ~=>

() &
a 2ff;’

cm,= ‘Cm

()
b g.

(A~dH, (A%JE increment, rcsul~ing from addi[ ion of
borizonta.I tail; for c.mmple,

(Acme)H= (em,)JfoddWith Ir–

(q,md,, without 11

incremeut rmuIt.iug from interference ef-
fect of }ving and fusela.gc; for example,

AICm, =( C.r)w+F–(~~q)]r– (c~g)F

subscripts :
T?” wing
F fuselage
V vertical tail
H horizontal tla.il
r radian memure

APPARATUS, iFIODELS, AND TESTS

The general research model used for the prcsen~ investig-
ation was designed to permit tests of t.hc wing alone, fuseIago
alone, or the fuselage in com’oination with any of sewrfil tail
configurations-with or without t.lle Iving, A sketch }vith
some dimensions of the complct~ modeI with one purt.iculnr
tail configuration is shown in figure 2. A lisL of the p[’rti]wnt
geometric characteristics of various component, ~]arts is
given in table I. M of the pfirts wre construchxl of
mahogany.

Three fuseIagcs and three horizontal Ms were used for the
tests in various corn bintitions with and w-ithtiut the wing,
For convenience, each component is designated m follo~;s:

T---------------------------------------------------- IYing
Fl, I’s, F3-------------------------------------------- Fuscklgcs

T’- .--. . . - . ---------------------------.-----------— Vertical tail
Hl, Hz, f{l-------------------------------------- Horizontal taik

A complete list of all t.ht configurations in-rcstigahxl is
presented in table 11.

The three fuselages (fig. 3) were l.xxlics of revolution having
circular-arc profiles and fineness ratios of 5 for fusckgc 1,
6.67 for fuselage 2, ad 10 for fuselage 3. The wing nnd the
three horizontal-tail surfaces all had aspect ratios of 4.0,
taper ratios of 0.6, and NACA 65AO08 airfoil sections pamllul
to the plane of symmetry; the quarter-cl~ord lines were
swept I-reck 45°. Ordinates for the NACA 65Ao08 airfoil
section are given in table 111. The horizontal tails, the
incidence of which was kept at 0° for all tesk, differed from
etch othw only in area and are designated as HI, llZ, and H3
(in order of increasing size) in figure 4 and table 1, On we]]
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of the fusekiges, erwb of the three horizontal-tail surfaces was
attached along the fuseIage center Iine and at the same
longitudimd location. On fuselage 2, however, horizontal
tail ? was tested at. three horizontal locations for each of
three vertical Iocations, as illustrated in figure 5. In refer-
euce to the horizontal-tail Iocations, the letters L, P, and U
indicate the vertical position as being Iower, center, or upper,
respectively; the letters F, M, and R indicate the horizontal
location as being forw-a.rd, middIe, or rearward, respecti%-ely.
The lower middle position is the same as that at which the
other tw-o horizontal tails -were tested.

A drawing of a complete-model configuration with the
horizontal tail in the lower position and a photograph of the
mocle~ with the horizontal tail in the upper position without
a w-@ are presented in figures 6 (a) and 6 [b), respectively,
to illustrate the test setup in the tmneI. The model was
rigidly mounted on a three-support+trut system with the
pivot point 4 inches rearward of the quarter-chord point of
the mean aerodynamic chord. Forces and maments were
measured by means of a conventional si~+omponent balance
system.

The tests were made in the 6- b~- 6-foot test section of the
LangIe~~ stability tunrd. The dynamic pressure for the
tests w-as 24.9 pounds per square foot, which corresponds to
a Lfach number of 0.13 and to a ReynoIds number, based
upon the wing mean aerodynamic chord, of 0.71X106. The
angle of attack was varied from about —6° to about 32° for
the tests. ln acldition to the straight-flow tests, the tunnel

cv,4 hne -..
/

Fuselage ---
(see ttg. 31 ‘

t

‘l——‘‘“!5-’i //I +— I 1.06II

I
36 I

‘--Horizontal tail

T

~6.75-4

FIGURE &?.-Duacnsions of the mnrplete model. All dimem.iom am in inches.

flow ~as curred to obtain ~alues of qc/21’ of 0.008, 0.017, and
0.022. ‘T& method of curvingg the flow consists in curving
the tunnel walk to obtain the proper air-stream cum-at.ure
and inserting upstream of the test. sectian screens xhicb
g-ire the proper velocity gradientt across the test section.

CORRECTIONS

The angI.e of attack and drag coefficierit hat-e been corrected
for the effects of jet boundaries. The moment data have
been transferred from the mounting point to the 25-percent
point of the w-iq mean aerodynamic chord. The dampi~~-
in-pitch data have been corrected for the effects of the cross-
tunnel static-pressure gradient associated with the curved
How-. The data have not been corrected for blocking,
turbulence, or support+trut interference since, for the
p~ranwters with -which this report, is concerned, these effects
are bdieved to be negligible.

T.*BLE I

PERTIXEXT GEOMETRIC CH.%R.ICTERISTICS OF TEE
MODEL

Fuselage: F, F, F$
Length, in. ----- . --------- . - —- —- —-------- 30 40 60
Fineness ratio -... _ . . . ..--- ._- . . ..-__ . ..-_ 5 6.67 10
Volume, r~, CD ft . . . . . . . . . . ------------- 0.267 0.350 0.526

Wing:

.kpectratio, .3~. ._- . . . . ..- . . ..- . . . . . . ________________
Taper ratio, kF_______________________________________
Quarter-chord sweep angle, den--- . . . . . . . . ______________
Dihedral angle, den--_ -_ . . .._. _-.. -_. _- . . . . ____________
Twist, deg___________________________________________
>-.~C.l aitioil section . . ..--- ___________________________
Area, S’r, sq in. . . ------------------------------------
Span, hw, in------------------------------------------
>Iean aerodynamic chord, ~w, in. -----------------------

l-erticaI tail:
.\spect ratio, -4;--_ -_.. - . . . ..-- . . . . . . __________________

Taper ratio, XY---------------------------------------
Quarter-chord sweep angle, deg_________________________
X'.lC.\ aitioil section ._.. _._ . . ..- . . ____________________
.%rea, ,Sr,sqin. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
~pan, hv, in------------------------------------------

IIean aerodynamic chord, ?~, in. _ . . . . . . . . --------------
.Lrea ratio, iYr!SW. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Horizontal tail: 1{, H?
.Lcpect ratio, .4 H--------------------- Lo =!.0
Taper ratio, XE.. -- . . . . . . ..__ -_ . . . .._ 0.6 0.6
Quarter-chord sweep angle, den________ -k 45
Dihedral angle, deg_. -- . . . . .._. ______ o 0
Twist, deg. ..- . . ..-__ . . . . . ---------- o 0
NA.CA airfoil seetion-.. . . . . . . . . . . . . . . 65.!00S 65AO08
.tiea, ~E, ~q in. . . . . . . ------ --------- 32.40 6+.80

Span, bE, in. . . . . . . . . . . . . . . . . . . . . . . . . I l-3& 16.10
31ean aerodynamic chord, FE, in. . . . . . . ~.g~ 4.11
Area ratio, XE/Sv -------------------- 0.10 0.20

Tail-length ratio 1,’ZW:
F~~elage F, F,

-Lo
0.6
45

0
0

65.1008
324

36
9.19

1.0
0.6
45

65AO08
4S-6
6-97
~-1~

0-150

H~
Ao
0-6
45

u
o

65_kO09
97.20
19.72

5.04
0.30

Fg–=
Pwitio; of tail: Forwsr@ IIiddk Resrwszd

Lapper ._. _____________ ---- g.~~ 2.5s 2.75 ----
Center.-__ . . __________ ---- 2.07 ?.24 2.40 ..-=
Lower (fuseIage center

line) ---------------- 1.36 L66 L82 1.98 2.73
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TABLE II

CONFIGURATIONS IFWESTIG.4TED AND IX-DEX TO THE
FIGURES HAVIh’G DATA FOR THESE CONFIGUR.LTION-S

___ ..—-..—-- ———,

I wing off
I mng on I

I
I

COnfff;~tiOn
1

Figure I ConfiwtionI Figure I
! 11’ 7

F, 8(a) 1P+ F1 9(a)
. . . T1’+F, + V+HI

“1

9(s) , 12
F,+ Tr+Hs 8(a) , 12 W+ Fl+ T‘+Hi 9(a), 12
. . . . . . . . . . . . . . . . . . . . . . . . . . . . T1’+F,+ Tr+Hs 9(a), 12

Fj m—-{ 11’+F, 9(b)
-- . . . . . . . . . . . . . . . . . . . . . . . W+ F*+V+H1 9(b), 12
. . . . . . . . . . . . . . . . .. . . . . . . . T1’+FI+ V+H~LP 10(?3), 13
FZI- 1’+Hz 803), 12, 13 TI“+ Fz+ T’+H2L,w o(b), 10(a), 12,13
-- . . . . . . . . . . . . . . . . . . . . . . . . . W+ Fi+ TWHjLR 10(a), 13

-- ........... ........ ........ 11’+ Fz+l’+H!cF lo(b), 13
-- . . . . . . . . . . . . . . . . . . . . . . . . . . W+FZ+ 1‘+HwM lo(b),13
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TT’+F?+ V+I%CE lo(b), 13

Ti’+FI+ T’+-HwF
[

10c), 13
. . . . . . . . . . . . . . . . . . . . . . . . . . . . Ti7+Fz+ l’-f-Hwx 10 c), 13
------ . . . . . . . . . . . . . . . . . . . . . . . Ti’+FI+ T’+Hjue lo(c) ,13

I --------------/----------------lJ’+FI+ T’+H8 ~ 9(b), 12

‘-x 8(c) T1’+F3
[

9 c)
Tt’+Fi+ T‘+H,

Fs+ T7+H2 8(c) , 12
9 c), 12

T1“+rs+ T’”+Ha
\

9(C , 12
-- . . . . . . . . . . . . . . . . . . . . . . . . . . . . W+ F,+ T’+-Hs 9(c ,12

$Notation:
11’TvfIlg

1

For detaife, see figures 2 to 5. Subscript numbers 1, 2, and 3 refer to
F fuselage size, subscript letters L, C, and TJrefer to vertical position of horizon.
I‘ vertical tail td tail, and letters F, -M, and R refer to borizontd location of
11 horizontal M horizontal taiI. (See fig. 5.)

,3 b 30
46

—.— 1

Location of ~v,/4--

“’’+-’=”0

FIGUEE 3,—1) Imensions of the fu.wlages twt. ed,and location of the horizontal taiI for those
tests in which tail area and tail length were of primary concern. All dimensions are In
inctws,

RESULTS AND DISCUSSION

PRW3ESTATION OF RESULTS

The ~asic data obtained in the present investigation are
mesentwl in figures 7 to 10. The effect, of fuselage fineness
.at.io on the static longitudinal stability of the fuselage is
~ummarized in figure 11. The effects of tail size and taiI
elkgt.h and the effects of tail location on khe static longitu-
dinal stability and damping in pit.rb contributed by the hori-
zontal [ail are summarized in figures 12 and 1,3.respectively.

TABLE III

ORDINATES FOR NACA 65AOOS AIR17011,

[Stations and ordinates in percent airfoil chord]

b’3

Station Ordfnak
. —

o 0
.50 .62
i5 .75

1:!& .$5
250 1.30
5.00 1.75
7.30 2.12

10 z 43
2.93

;: 3.30
% 3.59
30 3.79
35 3.93

L. E. radius: 0.108

Station

40
45
50

::
65
70
75
‘so

E
95

100 1
)rdinate

4.00
3. 0?3
3.90
L 71
3. M
3.14
z m
2,35
1.90
1.43
.96
.49
.02

!
45°

/

FIGUS.E 4,—Dimensions of tf]e horuo~td tiils tested, .411dimemfons ure [u inches,

The effect of wing-fuselage interference on both Lhe static
Iongit.udinal stability and damping in pitch is sho~vn in
figure 14.

An index LOthe data for the configurations investigated
is given in table II.
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Upper

Center

Lower

93bv

4—. — .

Forward

%M %?

.—. — -—c

%f

-—.—-

@R

-— ___

‘LM HM

Middle Rearward

FmrFCE 5.—I.oc&tion of root chord of horimntzd teil for the .xm@retions in which vertical location of the horizontal tail was of primary wncwm. AU dimensions&rein inches

STATIC LOXGITUDIXAL STABfLITY

~be static km.gituciinal stability characteristics for some
lJ:tsk configurat~ons are presented in figure 7. Inasmuch as
these rw.dts are -rer~- similar to those. presented in reference
5 and analyses of these results are adequatel-y co-rered in
this reference, they are no~ discussed in this report.

Data are not presented for the lift and drag of the model
w-ith each fuselage and horizontal-tail arrangement. inresti-
gat.ed since the results showed that the lift and drag -Kere
only sIightly affected by the changes in fuseIage and tail.
‘Nw lift and drag data presented in figure 7 for the configu-
ration H7-EFZ+ I“+HU are representat.i~e of the lift and
drag results for all the complete-model confiawrat.ions.

The pitchingg-rnoment characteristics of the three isoIated
fuselages are presented as a function of angle of attack in
fi=gure 8 and are summarized for a=OO in fi.are 11. In
tjrcler that the results obLained may be appIied convenientl~-
to arhitra.ry airplane configurations, coefficients in terms of
fuselage dimensions rather than wing dimensions are needed.
This manner of expressing the coe.tlkient is accomplished by

ls’wFE-
pIotting the quanttiy <Cfie)= ~ agaipst fuselage fineness

‘~- The quantl .
“Ltlo 7,

“tv plotted, therefore, is effectively the

pitch@-moment coefficient based upon fuselage volume oF.
For a body of re-rolution at an angle of attack of 0°, the

the rewdts from the present investigation can be compared with
tlw directional-stability data presented in f&me 16 of refer-
ence 6. The data from the present tests show- the same

:724s3—!j4.--5j

trend as the data of reference 6 but are somewhat larger in
magtitude. The difference probabIy resdts from the differ-
ent methods for supporting the models in the tunnel. Com-
parison of the test data with calculations made by the classi-
cal theory of reference 7 shows that., although the -rariation
with fineness ratio is generaTly similar-, the magnitude of the’
tesk values is only about four-fifths of that predicted by
theory.

The data in figure 8 show- that the fusekge-horizontal-taiI
combination -was stakicaIIy stable as would be e.xpeeted and
that. the stabiIity w-as greater for the large fuseIages. In
each case, the ~alue of C~~ vias constant up to angles of
attack of about 16°, at which point the lift-cume slope of the
horizontal t aiI begins to decrease appreciably.

Addition of any of the fuselages to the wing had little
effect on d~c, as can be seen by comparison of figures 7 and 9.
The fact that the wing-fuselage combination had approxi-
mately the same longitudinal stability as the wing alone may
be attributed to the Ioss in lo%d over the wing near the wing-
fuselage juncture and to the alteration in fuselage loading
effected by up-wash in front of the wing.

For the cornpIete-modeI cordlgurations with the horizontal
tail mounted on the fuselage center line, a destabilizing
change in the sIope of I!7~~generaIIy occurs at an angle of
attack of about 10°. For the shortest tail Iength (fuselage
FL, fig. 9(a) ), the magnitude of the change in slope apparently
~as increased slightly as the horizontal-taiI area was in-
creased. For the longest tail length (fuselage F,, fig. 9(c)),
an increase in taiI area. caused a decrease in this destabilizing
change in slope; in fact, this change apparently was elimi-
nated by the dclition d the two largest taik (H2 or H:). This
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L..

(a) Camplet.+model configuration w!th the horizontal tail In the low position,

(b) Fnselam with the horizontal Ml In tbe upper rear pcdtlon.

FIOURE6.—llluntration d the mdel satnp h tk IAU@y stabiIIty
tunnel for t.estlng in eumed flow.

efl’ect of tuil length on the manner in which addition of tail
area affects the longitudinal stability appcfirs to be primarily
n mat tw of gcomletry in that, for a given location of the tail
relative to the fuselage cent cr line, the Lail length determines
the vertical location of the tail relative to the wing wake. at
a pfIrt icular anglc of a,tt ack. The destabilizing tendency for
the wing-fuse]age combination at an angle of attack of about
10° results from tip at ailing of the wing, and, as a result of

this stalIing, the lving trailing vortices Lnovc inlvtlrd with
an associated increase in downwash in the wake at the plane
of symmetry. For the short t ail length, the t ail is sufficiently
c109c to the wake at an nnglr of at turk of 10° to expmicncc
destabilizing effects. For the longest. tnil length, howcyer,
the tail has emerged sufflcicnt]y from the wdw to avoid tlio
effeet of the increased downiviwh. It can he swn, therefore,
that increasing the tail arm for the short. tail lmgtll fvouhl
be advmw, whereas for the long tail length it would IJfJ

bencfic.ial.
The data of flgurc 10 show that relatiwly snmH rcarwuxl

movement of the horizouttd tail in any of L1lcIvertical posi-
tions (Iow, center, or upper) genrrally resultwl in slightly
more negat.ivc values of C== (incrrasecf stability) as would be
expected because of the increase in tail ]cngth, Raising the
horizontal taiI aIso made ~~a more n~gat ive in t hv low anglc-
of-at tacli range; however, it made C== mor~. posi[iyc (de-
creased stability) in the angle-of-attack rringc bet wwn 10°
and 20°. Tlteae results me in gonrral simikir to results of
previous investigations of like nature at. both low am] high
Reynolds numbers (refereucc 8 and datti from the 1.nnglPy
19-foot pressure. t.unncl), The increase in stability, at low
angles of attack, as tho horizontal tail is moved upward Jvns
greater than would be expect o(I to result from tllc incrrnsc
in ta.i~ length which accompanied tlie upwar[l movcnwnt of
the taiI, Part of this incrcasc in stability, thercforp, appenrs
to result from the fact that, in the hight!r positions, the hori-
zontal tail was above the region of strongesL downwash, m
is shown in n subsequent section discussing the contribution
of the horizonhd tail. As the angle of attack immnscs,
howewr, the horizontal taiIs mounted in the high position9
move into the strong downwash field; whereas, the tails in
the low position emerge from the downwash field. This cnn
be seen quite easily by comparing the ]Jit.clling-lnolllent curves
betwccu 12° and 20° for the con-figurntiom ~1’+~s+ 1--1-112
(fig. 9(c)) and U’-l-F~+ I’-I-HwR (fig. 1O(C)) which hnvc
about tlw same tail-length ratio. The data show that
the low tail position is aImost completely frck of the down-
wash effect+ whereas the upper position is very strongly
affected by the downwash.

The data in figures 9 and 10 show thtil the static longi-
tudinal stability was generally greater at angles of aLLaclc
near the stall than for any other part of the angle-of-attack
range.

From the standpoint of static Longitudinal stability, tlic
low horizontal-tail positions app~ar to be more advantageous
t.llan the high tail positions because the change in stability
is smallest over the angl-of-attack range, and, for configura-
tions with the tail in the low position, the farther rearwml
the horizontal tail is located the. less Micly it is to be influenced
by the wing downwash.



k?!

1



79(5 REPORT 1090--NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

.2
- --- ._ ._-_. —..-:.... ;.-. ~=. -_ ~:, -, .. . . . ,. ...: .Q. :.. :-q, -.-i::

I I
o —Fi .=...
❑——-F1 +V+lf~

.1

=x 3

‘\ .
~ ~ ‘ ~

~E
J

~%. 4~
~ ~

—

.0
+a

\ h,
.g (/ - -\.-.
%

x

8
. .

~\\

s _.,
f I.

E r

‘L
\

-\
1 h

-..

f

\
&---

--
---

--
-. 2 .

-. L --
1

-. 3

2

/

0 — — — - /

---. -- -- -4.---- --~--- -..
-2

---- ---
-— ---- __ -.. --— ___

$
,! ,:

,:
>

-4

-6

b

(0)

-~8 ,
-4 0“ 4 8 12 16 20 24 28 32

Angle of ottock, a, deg

.

(a) Short fuselage Fi.

Fmumr 8.—Vcdatfm ofstatio pkhfus-moment mafticient nnd daqdng-in-pitch weffle!mt with angle of nttnck fur wfngdf mnflwratfnm



EFFECT OF HORIZONT.4L TAILS 03’ LOW-SPEED STATIC LOA’GITLiDLN’M. STABILITY .UW) DAMPING IN PITCH ’797

,2-

0— ~2
U———F2 + v+-~

2

.1

~1
II

4 Y .

\ >
\

~, ,, J
<+

‘x
‘K, ~ ~’

~~ o ‘x

. “ “~\j ‘
E I \
,s! \
c1.—
= x,
a)
8 ‘A

-J L.
E
;
? “k
Ac ‘“4
E
: -2 I ~.

‘.
_

‘.
---

T-- -- ?------
-3

--

-,4

0

-2 -i ,.1/

1
//

1
I “- ‘-- ‘-- - ‘..J /00”“-“---

+- -4

‘“ --+--
--- ~ ~ /,

LO’-’’--~
1

-—-
T

——

/

-6 - 1

(b)

-8
-8 -4 0 4 8 [2 [6 20 24 28 32

Angle of attack, a, deg

(b) Medium fusela~e Fz,

FI+.t-BR S.—Continued.



798

.2

.t

&
*.
: 0.-CJ.-
3

%
g_t,
E
A
c.-
.C
,g
L

-. 2

-. 3

-. 4

0

-2

-4

-6

$

-8

-10

-I;f

REPORT 1096– -NATIONAL ADI”ISOET COMMI’M’EE FOR AERONAUTICS

n , J 1 1

\ n
.t-—<+ V+H2

\
\

itid=”~”

.

I I
1 1 ! 1 1 1 1 1 I !

.-

1 I I I I I -t“ -a.

~

—-— -—.. . \
.

.,

: .,
.

- -— -- --- -— ---.— —---- ---
r
/

#.- -=
//b

-N.
=-. / .~’

,,

(c) “
I

-4 0 4 8 12 16 2
Angle of ottcck, a, deg

(o) Lang fuelage 1%,

FmvEE &-CmcIudecL

—

. -cl””
--- - --n--

I

- /

.--.,

24 2

> /

0-0

32



EFFECT OF HORIZONTAL TAILS ON LOW-SPEED ST.4TIC L07SGITUDTXAL STABILITY AND DAMPING IX PITCH “799

.1 I
I I I I

I 1 [11 t I

1111

-.4

,.5

0

..

-2

_=- -
-._. ___ -- --

j ‘-
k ‘:9

.4 /; I.-, “[ i
- —.— -—. -— -

-—-—

-6
.- Y I

\

I .<: i/ 0

I I -L---l---t---l--t--t--L I ~ ‘“ /“~~ ~.~
~,/” ~, \

(a) ‘\. ~>/ t
-8

—.

-8 -4 0 4 8 12 16 20 24 28 32
Angle of oftrxk, a,deg

W Short fuselage FL.

FII,urtx 9.-Varlatlon of static pitching-moment @elfleIent aad damplog-fn-pitch ca8ffMent with angie of attack for compfete-rocde! eon13gucathm in whfch mafnly the nmimntaf Ml e and
talI len@h were verkd.



:x) REPORT 1096—NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

\

~

o ‘

-, I

&

z
al-.
@

2

=
;

i!
-.3

{

-.4

o

n- —--- “--

Q ——W+F2+V+ H2

-. 5

\

-.6-

0

-2
-

AH
/

//’
/

,/”

-4
.---, -——- -—— ---- -——- ---

// “ -.= /- A y I
SI I I I I I I l-----l-----h-- I 1 - I I b“’ I

& I 1 I 1 1 I 1 1 r r 1 I I I , , .
I t / ‘1 I -- I I

I i l-_-l- —--l-- +---4---111[[[/4-’11
/- ~ \. ,/

-6
/

. / ,,/

-\.
/./” .*

—--

,/’”
-8 t

.--— --— / ‘-.-— --1. ,“------ /. \
‘.

/“

-10
,’

(b) ‘\. -- ,,.’

-&- I I I I lx---f I I I I
4 8 12 16 20

I I LA I

I .Y- I

24 28 32
Angle of ottock, a, deg

(b) Medium fusdage F,.

FImJrm 9.-Callthned.



EFFECT OIF EORIZONT.W TAIM Oh’ LOW-SPEED STATIC LOXGITUD~U STABILITY AND DAMPING

I I I I
e I !-ttlw%k+

g a -W+F3
E -3 “

n -–——— w+F@ V+ffl

~
I x

o
\—.— W+ F3+ti +lfz

f+l A

E

-5

%6

-7

(u)Longfuselage i%

+PFFl

o ‘

-2
\

\ . ~ \
\

-4 \

./ “--

.

- “ ‘-
-6 -_ ____ ____ .-– –- ---~ . /-

-. . .M

P

-8

/ –l--
$

. II a ,~””, -

-10 .
! [,

-— -/ -
\ ., f’

f
-. --.

42
\-

.
- . - - 0- [/

,/

-14
/’-- \ . I

-- - . r
-- // ‘ \ ,

-16
‘. /~.

t
‘. /

-18
,

~ ./ ‘

(c)

.-204 4 0 4 8 20 24 28 32

Aqle #attack, a, &

IN PITCH ml

Ftmmx 9.-Concluded.
Mz403-54 —--62



802 REPORT 1096—NATIONAL ADWSORY COMMITTEE FOR AERONAUTICS

-.— .- .-
.1

>

\

Oi h ,..

~

~E-1

.-
❑ ——=

;
m
,5
z
0

:-3

..

-.4

,.
i -1

-5
;. ,

0

,.

-2 ‘— — — — — — — — — — — - —— — — — — — -~

: ..

-4
< .0

./- /’

/
.

—
~s~

/“ .-

\_ /
\.

\.
., / “ -/’

/
-—. . - / -./ --F.

/
-—- —-

/-
-- - k -- \ .# --/ ---~

-6
-.

-. F\
&’ ‘

>.-
--- -- - ‘-, \--- —- /

. . -L. ~, .’

\
/ ~

/
.

*,A ‘
-8 -- --— --- /

(a)

-log
-4 0 4 8 12 16 20. 24 28 32

Angle of ottock, a, deg

(a)Horlmntnltailh the low pmltfon.

W mm 10.—Varfationofatatfcpltchlng-moment mefMmt and dnmptng-in-pitch cm?ildent with angla of attack h wmpletammdcl mdfmratbna in wh[eh n.mfnly tho vcrtfml hmatkm
oftha horizontal Ml ma varied.





804 REPORT 1096-—NATIONAL ADVISORY COMWM’EE FOR AERONAUTICS
-..—-.

I ~
,.

0

?

\

-J &
\

7
K

,:- \

w+ ~ L n ,..

QE 2 “w+~+ V+HW
,..

o—— \ \,. -
-.
: —-— w+~+v+H&

, ..
❑

. .
.G ,...

g
o“—--- W+&ti+”H; !:. \

,:. .

~

3
~.. .

;. \ \

“E

:4

\
i..

1. \!..

o
,..

:,
,

-2 — — — — — — — — — — — -1--- — I

.. . 1-
! f.
,.
:.,.

4-
,. —.—
,:
! .: <
,: i

~ .Z
~=

-6
,,
!-

::
;;

/.

-8
/ /

;.
.,’/

/
..~

&“ ——. -—
i:

/ -
—

- ,,. 7“ ,/’”

/“
--—

-10 /- - / ‘,
-- -— -\ Y“ / /.,

\ /, , ,,.’--- / /
--- %-- \

‘-’~ $/ I /’,!
# ,

-12 ,.

‘ /’ ‘;~ ‘/ /’”l
,. *,

\

‘: \.< /! ~d
.14 .-

1,. - i “1 ;t
., *

(c)
.

4% )
-4 0 4 8 12 16 20 24 28 32

Angleofattack, ~deg

(OJHorizontal Ml in the upper pedtlon.

. ....

Fmm 10.-Concluded.



EFFECT OF HORIZONTJiL TAILS ON LOW-SPEED STATIC LONGITUDIN.4L STABILITY AND DAMPING IN PITCH 805

DAMPISGIS PITCH

The steady-state rotary damping-ii-pitch results are
present ed in figure 7 for the wing aIone, in figure 8 for the
wing-ofi configurate iom, and in figures 9 anc~10 for the various
:wmplete-rnodel configurations. The value of damping in
pitch – C~@for the wing alone is generalIy in good agreement
with the theoretical value computed by the method presented
in reference 9, and the -iariation with angle of attack is not
consirlered significant. .$ddit ion of a fuselage to the wing
did not appreciah~y affect the vaIue of C’~e for angles of
attack up to the stall (compare figs. 7 aud 9). This effect
was similar to tha Efound for tbe stat ic longitudinal stability
of the model for which the value of C~a for the wing-fuselage
combination is about equal to (Tw=of the wing alone, even
though tlw isolated fuselage has a rather Iarge positive
vahle of C~~.

The damping-ii-pitch results presented in figure 8 for the
isolated fuselages are considered to be of qua~it at ive value
only since the accuracy of the measurements is not considered
sufficient to yield resr.dts of a reasonable percentage accuracy
for values as low as those given by the fuselages. The
indications are, however, that the f~celages produced da,mp-
ing of the same sign as that normally expected for a hori-
zontal taiI and that the variation oi the fuselage damping
with angle of at t ac!i was not particularity significant.

For the wing-ofl configurations, the damping in pitch
generally decreases as the angIe of attack increases (fig. 8).
With the wing on, however, the damping in pitch reaches a
maximum value at some moderate angle of attack and then
decreases with further increase in angle of attack. For con-
figurations with the horizontal tail mounted on the fuselage
center line (low position), the angIe of attack at which
maximum damping occurs generally decreases with in-
creasing fuselage length; this trend can best be seen by
comparing the curves for the large taif on the various fuse-
lages (fig. 9). Since most of the damping is due to the
horizont aI tail, any changes in the damping with angle of

04-

J- -

03 /-
.

I

& [ - 1+:

— — ~ —
-,

,
f

/

1/ -’ Present fesf dafa 1“
\

d-4-i+---- 4GJrrelot ion based on’ direct ~onaI-
stabilify dafa (reference 6)

/ ~-— Theory of reference 7

1

0 2 4 6, 8 10

FUXILE11.<am-n of the effectof fasslege tlneriees ratio on the static stability of the
fuselage as determined from longitudmsI- and directional-stability mesmrements and from
tlworv. U=Oa.

attack which are caused by the tad are likely to become
greater with increasing taiI size. It should be noted that,
for these configurations, the damping near the stall (ap-
proximately 24°) had decreased, in general, to some value
considerably ks than that at zero lift. For the configur-
ations with the horizontal tail mounted in the center or upper
positions; the maximum clamping occurred at. higher angles
of attack (approximate ely 20”). (See figs. 10 (b) and 10 (c).}
The masimum damping would normally be expected to
occur at the angle of attack at which the static stabiIity is
a maximum (C’m=has its ma~imum negative value). Com-
parison of C= and C’~Ccum-es shows, however, that. the
opposite occurs (maximum damping occurs approximately
where the static sta.biiity is a minimum). This apparent
incongruity results from the interaction of two opposing
effects. The decreased static Iongitudina.1 stability (down-
-wash effect) occurs when the horizontal t@l approaches the
wing wake, and the clovinwash effect becomes greatest when
the tail is passing tbro(lgh the wake (approximately 12°
angle of attack for the low tails on F’2and 20° for the Klgher
tails). There is, however, a favorable variation of downwash
with qc/2 I” because stream curvature displaces the wake
up-ward with respect to the horizontal taiI. This favorabh!
effect is greatest -when the horizontfd tail is immersed in
the wake at zero flight-path curvature.

Although the basic clat a. do not show the effect of the
vertical posit ion oft he horizontal t ail clearly, because changes
in tail position were accompanied by changes in t aiI Iengt h,
the higher horizont aI-t aiI positions appear somewhat more
ad-rantegeous than the low positions with regard to damping
in pitch, inasmuch as the variation with angle of attack -was
generaIIy smaller and high damping -was maintained to
nearly maximum lift.

COXTRIBUTfONS OF THE HORIZONTAL TAR

In generaI, the contributions of a horizontal tail to both
static longitudinal st abtity and damping in pitch are affected
by the dovimvash from the wing and by the local dynamic
pressure in the vicinity of the tail. In the absence of a
slipstream and of any important flow separation from the
wing, the Iocal dynamic pressure is essentially the same as
the free-stream dynamic pressure and the dow-mvash remains
as the only factor to be considered. For the present model
at low angles of attack, therefore, the tail contribution to
static longitudimd stabiIky and to the rotary damping in
pitch can be excressed by equakions developed by con-ven-
tiona~ methods of anaIysis. The tail contribution to static
longitudinal stability is given by the following sirnpIe
relation:

(1)

b analogous expression can be derived for the tail contribu-
tion to the rotary damping in pitch. The pitching moment
due to the tail can be written as

(2)
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where Aa is the change in angle of attack at the tail due to
flight-path curvature and is given by

l=
Aa=57.3 .—

cw/2 2V

The angle c (measured in degrees) is, in this case, the down-
waah from the wing or other parts of the airplane and results
ordy from flight+ath curvature; that is,

e.57.3E%
2va qc

w

where e,, the clownwash angle in radian measure, is introduced
in order to provide consistent dimensions for both numerator

aEr
and denominator of the ratio —=. Substitution in equation

COMMITTEE FOR AERONAUTICS

(2) of the expressions given for ALYand e gives the tail c’ontri-
bution to damping in pitch as

(AC~@)H=–l 14.6 (C~JH
(@~)HH ‘3)

Equations (I) and (3) indicatu that the tail contributions
to static longitudinal stability and to clamping in pitch me

S& 1 SH1*()proportiomd to the geometric quantities — -— and — = ,
l% c~ LSw cm,,

respectively. For Lhe portion of tho teste in which the cffcr[s
of horizontal-td size and tail length were of primary con-
cern, the horizontal tail was always mounted in the low
position (along the fuselage center line), and the eqwrirncn td

12 for angle of attark equal to zero. For the portion of the
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tests in which the elleets of tail height were of primary
concern, &/Sw was maintained constant at 0.2 and, therefore,
l/& and (l,FT)’ were the only geometric variaMes that
entered the equations. The experimental data for this
portion of the tests have, accordingly, been plotted against
these quantities in figure 13 for angle of attack equal to
zero. The dashed cur-res in figures 12 and 13 -ivere calcu-
lated by means of equations (1) and @) for the values of the

aer .
downwash parameters ~ and — indicated in the figures.

h!$

In the calculations, the tail lift-curve slope (L’L=)Hwas. as-
sumed to bare the same value (0.054) as that of the wing
aIone (fig. 7), since the wing and tail have the same plan
form and section. The fact that the curves for the
cond it ions

de be, ~
z-~$=

I-

LONGITODINAJA STABILITY AND DAMPING IN PITCH 807

do not pass through the experimental points obtained with
the wing removed shows that the fueselage probably had
some influence on the tail effectiveness.

With the wing on and the horizontal tails mounted in
the lower position, the data presented in figure 12 (a) indi-
cate that, for the range of configurations considered in th~

investigation, the value of * is about 0.52. Thii due is

only slightly affected by changes in tail s“~e and length.
The data also show that, as indicated by equation (1), the
contribution of the horizontal tail to static Iongit udinal sta-
bility varies linearly with tail area and tail length. The data
presented in figure 13 (a) indicate that raishg the horizontal
tail moves it away from the region of strongest downwash

since the due of ~ decreased from 0.52 to about 0.35 as

the horizontal tail was mo~ed from the Iower to the upper
positions.

For wing-on configurations, the data presented in figures
12 (b) and 13 (b) indicate that the value of the dowmvash
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?)Er
pmamcter — which affects the damping in pitch is

+

t.idv zero for all tail wsitions; therefore, the standard
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essen-

meth-.
ods of cahdating the horizontal-taiI contribution to C~@
were found to be rdiable for all horizontal-tail configurations
tcstod. The position of tk test values for the wing-on
conditions relative to thoso for the wing-ofl conditions indi-
cates, in fact, that the wing contributed a slightly negative

acr.
value of ~Y thus, an increase in the tail effectiveness for

damping in pitch restdtud.
A slight increase in tail effectlveneas due to the presence

of the wing would be expected from consideration of the
unusual downwash pattern behind a swept wing in pitching
flight. For a sweptback wing pitching about the aerody-
namic center at zero angb of attack, the center part of the
wing, which is forward of the aerodynamic center, is at an
effective negative angle of athwk and thereby induces an
effective up wash at the horizon M tail. Tho tail, conse-
quently, is at an effective higher angle of attack with the
wing on than with tlm wing off. Since this efTect increases
with increasing pitching rotation, the wing will tend to in-
crease the damping-in-pitch contribution obtained from the

taiI at low angles of attack. Some approximate comm~tti-
tions wero made to determine the upwash at the tail due to
pitching flight, and the remlta indicated the same trmd
shown experiment.aJly.

The data also show that, as indicated by equation @),
the contribution of the horizontal t~il to the rotary dump-
ing in pitch varies linearly with tail area and with the
square of tail length.

AIthough, at low angles of attack, the vertical position of
the ho~ontal taiI was not found to be significant for W
steady-stat~ rotmy damping in pitch, it might bo axpcctcd
that the vertical position of the horizontal tail would inffu-
ence the total damping of an airplane in a pitching osc”Na-
tion. For a pitching oscillation, the total damping is deter-
mined by a combination of the rotary dmivativa C:@, whirh
is considered herein, and the acceleration dcrivat.lvc t7s&.

The derivative C=&is proportional to & (see refcrcncc (3))

and, therefore, shoukl depeud rather strongly on the location
of the horizontal tail.

WING-FUSELAGE lNTSRIWRENCE

Tho data obtained in the investigation of the horizonitil-
tail dect also make possible a~i cvrduatiou of the interftmmcc
increments AlC~= and AIC~r which enter into the folio wing
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equations for total values of the st atic-longitudinalatab-fity
and damping-in-pitch derivatives for compIete airplane
“:onfigurat ions:

(O.=)~d=(~’.=) ~+(Cma),+AIC-=+(ACm=)=

where (AC_=)H and (M_’~)H are the values for the horizontal
tail in the presence of t~e wing and fuselage. The values
Al(-.’==and AICm resuh from interference between the wing
and fuselage (,&at is, Aid_,= (C~Q)~+=— (e~f) ~— (C~C)F).
Th~ interference increments usually are assumed to apply to
airplanes having configurations some-what. similar to that of
the model used in e-ialuating the increments. The height
of th~ wing relative to the fuselage center Ylne usually has a
significant etiect on the magnitude of the interference incre-
ments. Sincer for the present investigation, the wing was
locatwi on the fuselage center line, the results are considered
applicable only to midwing or near midwing arrangements.

The increments are presented in figure 14 as functions of
angle of attack. Within the accuracy of the determinations
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there appemed to I.Jcno consistent effect of fusehge length
on either AlCm= or A,C~a and, for the purposes for which
theso values were intended to be used, the use of a faired
vdue to represent the effcc~ of interference seems rea90naMe.
The variation of AIC~a with rmglc of attack is small below
16° and the average value tends to increase the stability,
The variation of Al(?n, with angle of attack is not appreciable
over the entire angle-of-at tack range md the average value
tends to decrease the damping.

CONCLUS1ONS

Tbe results of an investigation to determine the effects of
horizontal-tail size, tail length, and position on the static
longitudinal stabiliby and on the steady-state rotary damping
in pitch of a complete model with wing and tail surfaces
huving the quarter-chord Iines swept back 45° and an
aspect ratio of 4 indicate the foIIowing cmdusions:

(1) The contribution of the horizontal tail to static longi-
tudinal stabili~y and damping in pitch was in agreement with
analytic considerations in that the contribution of the hori-
zontal tail to static longitudinal st.ability was related dircctly
to the tail size and Iength; whereas, its contribution to damp-
ing in pitch was relatcd directly to tail size and the square of
tail length.

(2) At low angles of attack, adclition of the wing decreased
the contril)ution of the horizontal tail to static longitudinal
stability by about one-half to one-third, depending upon the
vertical position of Llw tail relative to the wing; the contri-
bution of the horizontal tail to the rotary damping in pitch,
on the other htind, was almost unaffected by addition of thd
wing, regarchss of t.hc tail area or location.

(3) For configurations with tha horizontal tail mounted
along the fuselage center line., the static longitudinal stability
was greater at a.ngles of attack near the stall than at 0°; the
longitudinal stability characteristics were impaired, however,
by moving the horizontal tail upward. On the other hand,
for configurations with the horizontal tail mounted along the
fuselage center line, the rotary damping in pitch was 1sss at
angles of attack near the stall than at 0°, but the damping
n pitch was generally increased by moving the tail upward.

(4) At an angle of attack of about 10°, the static longi-
tudinal stability of the wing-fuse]nge combinations changed
adversely. The magnitude of this change was slightly in-
creased by the adclition of tail area along tho fusc]agc center
line at the shortest tuil length but was decreased by addilion
of area along the fuselage center linc at the Iongcst tail hmgt.h.

LANGLES AERONAUTICAL ~ABORATORY,

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS,
LANGLEY FIELD, VA., ApiJ 1, 19&?.

REFERENCES

1. hIacLachlan, Robert, and Letko, William: Correlation of Two
Ezperimcntal hlethods of Determining the Rolling Charactcr-
ieticsof Unswept Wings, NACA Thl 1309, 1947.

2. Goodman, AIex, and Brewer, Jack D.: Investigation at Low Speeds
of the Effect of Aspect Ratio and SWuep on Static and Yawing
Stability Derivatives of Untapewf Wings. NACA TN lGM,
1948.

3. Comley, W. L., and Glauert, H.: The Kffcct of the Lag of the
Downw=h on the Longitudinal Stability of an Amoplanc and
on the Rotary Derivative itf,. R. & 11. No. 718, British A.R.C’.,
1921.

4. Jones, Robert T., and Fehlner, Leo F.: Transient Effects of the
Wing Wako on the Horizontal Tail. h’ACA TN 771, 1%40.

5. Brewer, Jack D., and LichterMein, Jacob H.: Wfect of Horizontal
Tail on Law-Spcwi Static Lateral StahiIity tllaractcristiw of a
Model Having 45° Wveptback Wing and Tail Surfaces. NACA
TNT2010, 1950.

6. Queijo, M. J., and Wolhart, Walter D.: Experimental Investigation
of the Effect of VcrticaI-Tail Size and Length and of Fuselage
Shape and Length on the Static Lateral Stability Characteristics
of a Model With 45° %veptback Wing and Tail Surfaces. NACA
Rep. 1049, 1951. (Superaeda NACA TN 2168.)

7. Munk, Max M.: The Aerodynamic Forms on Airship Hulls,
NACA Rep. 184, 1924.

8. Pureer, Paul E., Spearman, M. Imoy, and Bates, William R.:
Preliminary Investigation at LOTVSpeed of Downwash Charac-
teristics of Small-Scale Sweptback Wings. NACA TX 1378, 19-!7.

9, Toll, Thom~ A., and Queijo, if. J.: Approximate Relations and
Charts for Low-Speed Stability Derivatives of Swept Wings.
NACA TN 1581, 1948.


